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COMPLETE SPBCIFICAXrON 
Con^uo^ AxmcaliBg method and apparatus 



We, WBsTtSGHOVSB ELECTmc COKPOSA" 
TrON, of Three Gateway Center, Pittsbm^ 
30, Pennsyivania, United States of America, 
a corporation orgaoj?>ed and esdscing under the 
laws of the Commonwedrh of Pennsylvaim, 
United S^tcs of America, do fseteby declare 
the invention, for which w£ pray that a patdut 
may be granted to us, and the method by which 
it is to be performed, to be partiaikrly 
described in and by the following state- 
ment: — 

The present inventicn relates to a continu- 
ous annealing method and e^aratusj and more 
particularly to a method sjad apparatus for 
the condnuOds annealing of metal stripy such 
as low carbon steej tinplate strtp. 

Present practice in the continuaus annealing 
of steel strip involves the passing of the sttip 
tfarongh a thick-walled refractoiy-lmed furnace 
having radiant heating elements in the 
form of gas-fired radiant tubes or electric re- 
sjstenoe elements, both of high thcnnd m- 
crda, disposed in vertical arrays between upper 
and lowtr pass rolls which direct the strip in 
mukiple loops through the furnace for sub- 
jection to the radiant heatiog effect of such 
arrays for the period of time necessary to 
arrive at a desired annealing temperature. 
Such temperature is usually chosen to be above 
the iccry^aUizanon temperature and below the 
lower ciitical or transformation teanpeiaturB 
above whidi the steel strip cspeuences a 
dimensional change due to a metallurgical 
phase change and renders handling of the strip 
in the furnace in multiple-pas? fashion difR- 
colt, if not impossible. In order to limit fur- 
nace sizes to practical drmen^ons while avoid- 
ing a reasonable rate of production in the 
presence of a progrcssfvely-diminishing tem- 
perature differential between -rfxc radiant heat- 
ing means and the strip as it travels throng^ 
the furnace, it has been ttc practice to operBt<? 
the fumace at a temperature^ above the afore- 
mentioned critical temperature, hun&^ of 
degrees in excess of the final temperature to 
[PrlcA 4s. 6d,1 



which the ststp is heated for annealing. 

Such pfactice of employing a furnace at 
above the critical temperature to heat the metal 
strip to the annealing temperature exclusively 
by radiation and at relatively high rates of 
travel imposes certain limitations with respect 
to the operating fadlit'cs and characteristics 
which must be provided or accommodated m 
Such method. 

For escflmplc, a looping tower at the entry 
to the fumace is employed which is capable 
of storing a considerable length of strip to 
enable the following portion of the strip to 
continue travel throtigb the furnace while its 
trailing edge at the entrance to die looping 
tower is temporarily halted for welding to the 
forward edge* of a succeeding strip roll This 
iwevcnts overheating of the strip to the exces- 
sive fumace temperature, at which tempera- 
ture* in present practice the strip is rela- 
tively weak and prone to separate easily under 
influence of the tensioning means;, and at vrhich 
temperature^ bdng above the aforementioned 
critical temperature, the strip experiences an 
undesired dimensional change. The large ther- 
mal inertia of the furnace affords no oppor- 
tunity for short-^erm fumace temperature ic- 
duction to serve this end. In fimace annealing 
hnes operating at two tbonsand feet per 
mhmte, for example, and a weldJng period of 
thirty seconds, for example, such entry looping 
tower must be capable of storing a thousand 
feet of strip, and is necessarily cosdy, com- 
plexa and somewhat difficult to maintam. 

By way of * another c^iample;, the strip must 
be maintained in tension in onlcr to enable it 
to properly trade the pass rolls which direct 
its multiple loop path through the fumace. 
The amount of tension required is a function 
of strip gpccd, and aince die practice has 
been to heat tiie strip to an annealing tempera- 
ture exclusively by radiation, "Se transit 
speed of the strip through such furnace, and 
hence, the speed cf the annealing line have 
been limited to some extent by the amount of 
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tension which may be applied to tha strip before the entrance to the furnace, arc also 

\7hile near or at the aDnea]iiig tempcrattire. provided nttar the exit end of the latter, 

It is the principal object of the invention to these additional strip gripping means being 

provide a contiuuous method and apparatas adapted to be driven to pull, so to spcak^ the 

5 for annealing metal strip, which obviate the strip through the furnace as it is_ being fed 70 

need for an cj^try looping tower, and afford into it by the first-mentioned strip gripping 

opportunity for increased operuting speed of means at the entrance thereof, as also knovvn 

the annealing line and for rapid and precise in the art. The relative speed between the 

heat control. strip gripping means at the entrance of the 

10 The invention, from one aspect thereof, furnace and those at the cjdt end dierecrf is 75 

accordingly resides broadly in a method of controlled in known manner by ±c conuol 

continuously annealing metal strip, such as means generally indicate'd at 7. 
low-caibon steel tinplate strip, in a furnace. During travel of the strip dirough the fyr- 

characterizcd in that said furnace is operated nace^ the speed of the strip will be such that 

15 at a strip preheating temperaturit insufiScient it becomes heated radiantly to a temperature, 

at all times to heat the strip to its lovrcr critical e.g. 90^ F to 950^ F, which is below the 

temperature, and tjtat the strip, upon leaving final aoneaiing temperature and provides a 

said furnace, is heated inductively to its final sufficient differential with respect to the cxem- 

anneal temperature. pUSed 1250<^ F of the radiant heating de- 

20 The invention^ from another aspect thereof^ mcnts 9 and furnace walls to assure a reasonr 
resides in apparatus for annealing travelling ably rapid radiant heat transfer therebetween, 
jnetal strip, such as low carbon steel tiit- Finally, the strip is fed through or past in- 
plate strip, comprising a furnace for pre- duction heating coil means 11 disposed pre- 
heating said strip to a tempEaraturc at all times ferably within the furnace 8 and normally 

25 below its lower critical ttmperature, and in- energized to raise the temperature of the strip 90 

ductrvc means disposed at the exit of said fnim 950^ F> for example, up to its preferred 

furnace for heating the preheated strip to its final annealing temperature^ which, in the case 

final anneal temperature of steel tinpJate material as presently com- 

Thc invention witt becomec more readily posed, may be within the range of from 1200°F 

30 apparent from the followmg description of a to 1350^ F- From the induction coil means 95 

preferred embodiment thereof shown, by way 11, the strip may pass through a soak zone 

of example, in the accompanying drawing, ixi (not shown) and/or cooling zones (not shown) 

^jiich; as final steps associated with tbc annealing 

Fig. 1 is a schematic represcntatton of the of the strip. 

35 novel annealing apparatus for the continuous By means of the method and apparams of 100 

aTi»n i*fl?inp; of metal Strip in accordance with the invsartioa so far described, it is possible to 

the present invention; and stop the line temporarily and at the same time 

Fig, 2 is a curve showing the tcmpemture decnergi^-e tiie induction heating coil means 1 1 

of -die strip in uninterrupted transit throug^i whereupon the temperature of the strip, 

40 the apparatus of Fig. 1. although now stopped within the furnace 8, 105 

Referring to the dtawmgs, the strip 1 win rise only to the limited funiace tern- 

nnwinds from the usual coil holder 2 and is peratum and will not be adversely affectedby 

fed by positioning rolls 3 past a welding even a prolonged prcacmce m the furnace. This 

station 4> througji a first series of rotary affords opportunity, for example, to weld a 

45 strip gripping means, sudi as pinch rolls 5 new strip roll to the tail end of the first stnp 110 

and bridle rolls 6, whidh are driven by suit- widiout the need for an entry loopmg towi^. 
able drivt means to supply the force unwind- In addition, during normal operauon of the 

jng the strip from the bolder 2, as is weU line, since die strip is approxunately three 

known in the art, tfoough tension control times stronger in tendon at 950<>F than it is 

50 means 7, and into a furnace 8 of conventional at 1250<> F» in the case of tmphxz stock as 115 

structure, Ae interior of wHcfa includes radi- exemplified, it is apparent tiiat, m accoidaiKC 

ant heating elements 9 operated at a tempera- with the invention, more tensjon may be 

tore less than the lower critical tempera- applied to the strip wiUiin the fiimace up to 

tuic, ie, about 1350^>F., of the scrip material, its final entry into the induction cml mean^ 

55 for example, at about 1250^ F, as in annealmg thereby affording opportumty for mocascd 120 

0.01 inch thick, ot tiainner, low carbon steel travel speed of the strip without nsk of smp 

tinplate stock. This tempcratui^ is one which separatioi witMa the furnace, which would 

wiU afford snfl&dem: strip strength for hand- require a tune-consuming rfr-threading opera- 

Img, and will not adversely affect die dc- tion. Toward this end, the additional smp 

€0 sired metallurgical properties of the strip, gripping means 5, 6 at tiie cat end of die fur^ 125 

should the latter be subjected to this tempera- nace is disposed ahead of tiie coil means II, 

tore for a prolonged period of time, as duriB^g having regard to the direction of stnp travel, 

strip-ioining welding or temporary shutdown, so that this gnppmg meai^, m conjunctiwi 

AdditionaHtrip gcmping means 5 and 6. shni- with tiie gripping means at tiie entrance of the 

65 lar to those m^itiSSlXve aa being disposed furnace and die tension control means 7, will 130 
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not supply tension to the strip 1 in the region 
of the higher annealing teoiperaiure. 

In addition, by inclusiot) of the induction 
heating corl means 11 which Jiffords rapid con- 

5 trol of its eiiergia:aiion and hence, of its heat- 
ing ejffect on th(j strip, the strip Ime k suscep- 
tible to precise and rapid heat control which 
readily accommodates a relatively high d^igrcc 
of automation. With this point in view, the in« 

Iv vention, furtibcr provides strip temperature 
sensing naeans 12 cooperablc with induction 
coil energiiarion control means 14 to regulate 
the high frequency power supplied from a 
high frequency power source 15 to the heating 

15 coil means 11. By virtue of such airangcnient, 
the final annealing temperature of the strip 
may be rapidly, automadcally^ and accurately 
controlled. 

ThUd, in accordance with the broader 

20 aspects of the invention^ a continuous strip of 
metal^ euch as low carbon steel, is annealed 
Vy first heating it radiantly within a multi- 
loop high-thermal-inertia furnace to a tem- 
perature less than the final annealing tempera- 

25 ture of the strip, therid>y affording oppor- 
tunity for an increase in strip speed thruugh 
the multiple loops of the furnace by virtue 
of the increased tensile strength of Ac strip at 
the Iower-thaii-!final-'<innealing temperature ; 

30 followed by heating the radiantly-heated strip 
induciivdy by induction heating coil means to 
bring the strip up to final anneal temperature. 
To take advantage of the increased strip 
strength, the influence of the tensioxiing means 

35 on the strip is divorced from the strip as 
heated to final anneal tEmperature by the in- 
duction heating coil means. By virtue ol this 
basic cortiHnfltjon of steps and apparatus 
wherein the induction heating coil meansj 

40 rather than the radianr furnace, performs the 
foial heating of the strip, the final temperature 
desired for annealin^c is freed from considera- 
tion of strip scparatian and tractdng through 
the vertical mnltiplA-loop path within such 

45 furnace^ and opens the door to shut-down of 
the line without danger of ofverheating the 
strip, and to eacperimenTflPOtt^ for example* 
with annealing temperatures even above the 
critical or transformation temperatures of 

50 the metals, such as low carbon steely which e^jc-^ 
perience dinfienstonaHy-influcnciiig phase 
changes when heated abov^ these tempera^ 
tures and render tracking through a long ver- 
tical^ circuitous path difficult and practically 

55 impossible to maintain. ATTtomatic and rapid 
control of the final annealing temperature of 
the strip also is afforded by vrrtue of the sus- 
ceptibility of the induction heating coil means 
to such cocntzol, in contrast to the high thermal 

60 lag inherent in. a large radiant fumace. 

^ Where the invention applies to dxe con- 
timious atinpjfliitt^ of the phase-change metals, 
law carbon tinplate ^ock as exemplified heie- 
inp St is highly de3irable> if not imperative, to 

65 -limit the temperature of the tadiotxt fucaace 



to a value below the critical temperature or 
temperatures of the metal in order to avoid 
tradcing and strip-separation problems arising 
from the dimensional changes that take place 
in the strip when heated a'bove such tempera- 70 
tures. 

"^ere further advantage of the increased 
strip strength at lower temperatures relative to 
effecting Increase in tracldng speed is desired, 
the furnace temperature may be further re- 75 
duced to values even below the rccrystalliza- 
tion temperature of the metal beting annealed, 
or below 1025'*F to llOG^^F, for example, 
for low carbon steel rinplate strip, 

WHAT WE CLAIM IS : — go 

1. A method of continuously annealing 
mfttal strip, such as low--cai^)on steel tinplate 
strip, in a furnace^ characterized in that said 
funjace is operated at a strip preheating tem- 
perature insufficient at all times to heat tshe BS 
strip to its lower critical temperature, and 
that the strip, upon leaving said furnace, is 
heated hiductivDly to its final anneal tempera- 
tare. 

2. The mediod as claimed in daim 1, 90 
\riierein any tension to vdiich said strip is sub- 
jected ^ile passing thtou^ said furnace is 
appb'ed ahead of the inductive heating region, 
h^viijg re^td to the direction of strip travel. 

3. The method as claimed in claim 1 or 2^ 95 
wherein said strip is inducrivcly heated only 
while in traveL 

4. The method as claimed in claim 1, 2 or 
3, wherein inductive Seating of the strip is 
controlled as a function of the temperature 100 
thereof in the inductive heating zone, 

5^ Apparatus for annealing travelling metal 
strip, such as loW'<:arbon steel tinplate strips 
comprising a furnace for preheating said strip 
to a temperature at all times below its lower 105 
critical temperature, and inductive means dis- 
posed at the exit of said furnace for heating 
the preheated strip to its final anneal tempera- 
ture, 

6. Apparatus as claimed in daim 6> iit- 110 
eluding control means responsive to variations 

in "temperatuie of the inductively heated strip 
for varying the level of ener^iion of said 
inductive means inversely with respect to such 
temperature variations. 115 

7. Apparatus as daimed in daim 5 or 6, 
including first and second strip gripping means 
disposed, respectively, ahead of the catiancc 
to said furnace and at the exit thereof for 
cffcetmg travel of said strip, and tension con- 120 
trol means disposed bctvt^en said first and 
second strip gripping means, said second strip 
gripping means being located ahead of said 
inductive means with respect to the directian 

of strip travel, whereby said strip is isolated 125 
from tensioning forces m tbe inductivt heating 
zone. 

5. A method for anneaHng metal strip, such 
as low-carbon steei tinplate strip, travelling 
through a furnace of high thermal inertia, sob- 130 
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standally as hereinbefore described with icfex- 
ence to the accompanying drawing. 

9. Apparatus for annealhjs travelling metal 
stripy filibstantialZy as hereinbefore described 
with reference to, and as illustrated in, the 
accompanying drawing. 



CRUIKSHANK & FAIRWEA^ER, 
Chartexcd Patent Agents, 
29 Sottchampton BuildingSa 
Chancery I^ne, Locdon, W.C.2. 
and 29 St. Vincerit Place^ Glasgow, 
Agents for the Applicants. 



LemoJttgtoa Spa: Priftted for Her MftJeatS^s Stationciy OjETice, by the Cornier Press 
(Lcsmiflgton) Ltd.— 19^- Published by The Patent Office^ 25 Southampton BuMwS9b 
Londozi, "^,0,7^ from which copies mi*y he obtained. 
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/ SHEET jfjf^ drawing is a reproduction of 
the Original on a rtduced sctfie. 
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